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Abstract 
Hz~~courrpa armigrro (Hiibner) larvae were collected from held crops and wild 
hosts in India. Nepal and Pakistan from 1991 to 1995. and ninety eight laboratory 
cultures established. Cypermethrin. fenvalerate, endosulfan, quinalphos, mono- 
crotophos and methomyl insecticides were to ically ap lied to 30-40 mg, first 
laboratory generatton larvae and resistance J e t e m i n e I  from log dose probit 
bioassays. Significant levels of cypermethrin and fenvalerate resistance were found 
in all Field stGins. demonstrat~ngihat resistance to at least some pyrethroids is now 
ubiquitous in H. arminern po~ulations in the Indian subcontinent: wpermethrin and 
fenialerate resistant; le;el; ranged from 5. to 6500-fold and i(;- to 3200-fold 
respectively. Pyrethroid resistance levels were highest in the intensive cotton and 
pulse growing regions of central and southern lndia where excessive application 
of insecticide is common. In all field strains assayed, pre-treatment with the 
metabolic synergist piperonyl butoxide (pbo). resulted in signikcant suppression of 
pyrethroid resistance. However, in nearly all cases. full suppression of resistance was 
not achieved. This residual non-pbo.suppressible resistance was most likely due to 
a nerve-insensitivity resistance mechanism. Pbo-insensitive resistance was highest 
in regions of lndia where in'rectlcides were frequently a plied to cotton and legume 
crops. In some regions where insecticides were heavify overused, a second high 
order nerve-insensitivity mechanism (possibly a Super-Kdr type mechanism), may 
have been present. Incipient endosulian resistance (1-28-fold), was present throu h 
out India. Nepal and Pakistan. Low to moderate levels of resistance (2-59-fofdi 
were reported to the phosphorothionate group organophosphate, quidphor ,  in 
lndia and Pakistan, but there was no evidence of significant resistance (0.4-3-fold). 
to the phosphate group organophosphate, monocroiophos, under our bioassay con- 
ditions between I993 and 1994. H. armigna strains collected in Nepal in 1993 and 
1994 were swce tible to quinalphos, but by 1995.4-5-fold resistance was detected. 
It is probable tRat much of the resistance to pyrethroid organophosphate and 
carbarnate insedicider in the Indian subcontinent can be attributed to an inherited 
or inducible mixed function oxidase complex. Non-pbo-suppressible resistance 
becomes significant in regions and periods in the season when insecticide selection 
pressure on  resistant H. armigrra larvae on cotton and legume crops is very high. 
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Introduction Materials m d  methods 
The cotton bollworm. Htlirortrpn nmigirra Hiibner 
(Lepidoptera. Noctuidael. is the maior pest of cotton and 
legumes in most regions of the indian subcontinent. Annuai 
losses attributable to this pest in indba alone are 
estimated to be of the order of USS 290-350 m~liion per 
annum (indian Council of Agricultural Research, unpub- 
lished data). In recent years. insecticide control of 
H. anigrra  has become increasingly d~ificult. particularly 
as i h  pest status on cotton has increased dramtic~IIy In 
the art hvelve years and over the last nine years it 
h a  Beveloped resistance to most chemical classes of inscc. 
ticidn commonly used by cotton and legume growers in 
the subcontinent. insecticide resistance was first implicated 
in failurn to control H. armigwa on cotton In 1987. 
%,hen high levels of resistance to those yrethroids in 
commercial use at the time were reportel  in bollworm 
populations in south.rast India (Dhin ra rt al. 1968 
McCahry  rt 01.. 19891. Cotton yield fosses in 'this re: 
gion, result~ng from held control failures during the 
1987-88 season, were estimated at US$ IS0 m~llion 
(N.M. Kishor, unpublished report). Prior to 1989. it was 
believed that insecticide resistance was restricted to popu- 
lations in the south.east lndia coastal cotton growing 
area (Dhingra t t  al., 1988). However, b~oassays conducted 
between 1989 and 1991 showed that cypermethrin.res~stant 
populations were common throughout southern lndia 
and tolerance to endosulfan, some organophosphates and 
methomyl had increased signihcantly (Armes rt 01.. 
1991). By 1991, resistance to qpermethrin had been 
reported in H, nmtigrra from cotton crops in the northern 
indian state of Punjab (Mehrotra k Phokela. 19921. 
where its pest status had changed from minor to major 
since 1988 and had, in some seasons displaced the 
'traditional cotton bollworm pests, Prrt~naphora gorsypirlln 
Saunders and Earlas spp., (Lepidoptera. Noctuidael. 
Similarly, in Bangladesh, the pest status of H. anigcra has 
increased markedly since the late 1980s and in 1993 11 
was reported that control with pyrethroid insecticides 
was becoming less egective; resistance was implicated, 
but this has yet to be conhrmed by laboratory tests (Ibrahim 
Ai. 1994). 
A basic tenet of resistance rmrugement is that refugia 
of unsprayed susceptible (or at least less resistant) insects 
exist to  decrease resistance frequencies by immigration and 
subse uent breeding with populations in heavily insecticide 
treatel a o  s (Tabashnik h Croft, 1982; Forrester d ai.. 
1993). wit[ increasing reports of poor &Id control of 
H. annigna with insecticides over large areas of lndia 
and the iikdihood that gene flow through migration had 
been sufficicnily high to introduce resistance alleles into 
H. a n i g n a  populations in regions where inwctidda were 
little used (Amw d nl., 1994). it was im rtant to confirm 
the status of resis tme to the nuior g m i c a l  d r s s o  of 
Third to s~xth Instar H. amtigrra Isvae were coiiected 
from a rmge of host plants at various times over four 
cropping seasons between 1991 and 1995. Most colicctions 
comprised l@C-~0 larvae sampled from usually one or 
occ&.ona:.) :ko :O r:ree nearc)'kel:s ;.a:!ed to the sane 
r o p  In t te  ~abo:r!o-) iavae were reaped on a cLlicr~a 
doer based a::.hc.a. d.ei Lam:a~sry cui'aes o! each s:ra.- 
were established from sC-3OO moths. Bioassays were con. 
ducted on 3C-40 mg Fl larvae using a topical application 
procedure detailed previously (Armes teal., 19921, based on 
the standard Htliothis susce~tibllitv test recommended bv 
the Entomological Society Af  Ainirica (Anon.. 1970). ' 
In general. at least 48 larvae vere treated at e ~ h  of five 
or m o i  concentrations of technical grade insecticide in 
analytical grade acetone. Usin a microapplicator. 1.0 pI of 
solution was applied to the forsal thorax. Control larvae 
%.ere treated with acetone alone. In pynthroid assays 
includ~ng the oxidative synergist p~pemnyl butoxide (pboi, 
this was applied to the thorax of larvae at a set rate of 
50bgflan.a. 2C-30 min prlor to application of either W e r .  
mrthrin or fenvalerate. 
Treated larvae were held ind~vidually In 7.5-ml cells of 
12.well. tissue cuiture plates (Linbro. iCN Flow Ltd.). and 
provided with excess chickpea.based artihcial diet. End 
point mortality was assessed at 144h after treatment: 
arvae were considered dead if they were unable to 
move in a co.ordinated manner when prodded. Control 
mortality was uncommon and never exceeded 1% where 
necessary, correction 8.11 made with Abbott's formula 
(Abbott, 19251 
Log dose probit (ldp) mortality regressions wen com. 
puled using SILP 3.08 software (Ross. 1987) Signihcance of 
differences between treatments n,ith and without pbo were 
determined hom Position y :  (test to determ~ne whether 
relative potencies differ bo iun i ty ) ,  and Parallelism 2' (test 
to determine whether I common slope is adequate). Hetero. 
gcneity z' bstr  were performed on all probit lines to 
determine whether or not residual variation was consistent 
m,ith binomial samplmg (ROSS, 1987). 
Rearing and bioassayr were conducted at 25i2 'C.  
either under natural photoperiod [r. 1 3 : l l  h light:dark), at 
the international Crops Research Inshtute for the hrni.Arid 
Tropics (ICRISAn. India, or constant 14:lO h 1ight:dark at 
the Natural Resources Institute NRI). UK. 
Wherever possible, fanners were interviewed to deter. 
mine the number of inncticide sprays applied to their crop 
up to the time of rampling. Pne data given in table 1 docs 
not include early season sprays (u to 40 days dter  sowing). 
on cotton and legumes for controrofaphids and jassids 
dimethoate, metasystox, monwotophos), as these were 
applied before H. a n i g n a  infestation occurred on the crop. 
M i d d n  used by fumers for H m i g n a  control. 
X s  p a p  reparts the results of I mistance survey on 
H mni#rm colkcted from a wide rmge of host plants lnrrrfitidr ~wrqtiblr  Ihninr 
subject to diffning insecticide ~ k t i o n  prnrures from In view of the fact thrt M inucticide.succeptibIe H. 
1991 to 1995 in In& N e d  and Pakistan The aims armipnn strains of Indian origin w e n  found during the 
were to &term& if refugh of swqk ib l e  H annigna course of the study, three Irbordory maintained ~usceptible 
existed In the nuja cotton and p3w growin regions of s h i m  derived from Ahica and  chi^ were used for Idp 
Indh and to identify where resistance proflems were comparisons with the &Id collected strains. The Readin 
mort acute. stnin was obtained from Reading University. UK, and ha! 
Inxcticide mist^ in Heldwwrp amipr. in the lndirn rukonthnt 501 
ken maintained in a number of hborrtoria f w  ~t least 
15 y e a ,  ud was believed to hrve originated from 
xluthem Africa. The NRl strain was o d g i ~ l l y  collected 
from the Gdarcf 'region of Sudan where inicctic~des 
were little wed for H. amrigna control. and had been in 
culture at NRI for over three years. The Nanjing strain 
war from Nanjing Agricultural University. liangsu 
Provine. China where it had teen maintained in culture 
for a proximtely two yeas. This strain was tolerant to 
pyrrt\roid inrectiddes (by enhanced metrbolt detoxifica. 
tlonl, and was therefore used only for endosulfan compari- 
mnr. Endosulfan was released for commercial we in China 
after the Nrniing laboratory stram had h e n  established. 
B~oaswys showed this strain to be fully susceptible to 
endosulfan. 
Simpling locations were cstegorized into agro.climatic 
regions conespending to the lndla Planning Commirs~on'~ 
Resource Development Regions (see table 1 m d  fig. 11. 
described by Ceddes k lles (1991). They ranked major pests 
and diseases in India in tenns of economic importance and 
identified H. armrgrm as 'very important' in regions 6. 9 rod 
13, 'important' in 5. 6, 10. 11 m d  14: 'significan? in region 
7. Nepal is divided into three cropping system zones 
(Ceddes k Iles. 1991). H, amtigna strains were collected 
from two zones: the Tarai and Siwaliio tone which is the 
ma.r cr0pp.n reg on of rhe coJntry on the IOU p1a.r~ and 
f:on tpe M:idle Ilo.nta.rs * o x  when 11 is I major pel: 
on vegetables. Pakistan has six maior aopping zones 
Table 1. Sourcn oi Htliio;,rrp armllrru strains miltcted a larvae from host plants htwecn 1991 and 1995 and biolsnyed in the FI 
(excluding strains kom the IAC iarml. 
Ren~on. State Map Collect Parental No oi Region. State MID Collect Patent11 No oi 
xi.' date host sprays - nib date hot sprays 
Region 4 Malkapur. A.P, 6 Nov. PI Ptgronpea 3 
Varanasi U.P. 45 Oct 91 P~gronpea 0 Ibrah~mprtm, A.P. 7 Dec 91 P~gronpea 0 
Varmai, UP 45 Mar. 92 Chickpea 0 Homnabrd. K I 1  Ian 92 Chtdpca 0 
Vrranar~ UP 45 Apr. 92 Ptgeonper 0 Ab~labad, A.P. 13 lm 92 Chickpea 0 
Viranari, UP. 41 Oc1 9J P~geonpea 0 Vikrnbad. A.P 8 Fcb. 92 Chickpea 0 
Region 6 Nanyankhrr.AP. 1 FebP! Chtckp 0 
New Delhi Dclhz 46 Nov 91 Ptgoonpea 0 Zahtnbad. A.P. 3 Feb. 92 Chickpea I 
Rqion 7 Coimbatore T N  I S  Frb 92 Chidprr 1 
Dhmbnri. 0 4 4  Fcb 9) C'pea-b# 0 Ncredlkonda, AP 12 0ct 9! Cot-P'pca 0 
Ltpur, M.P. 43 Feb 9) C'pea-Sat 0 Coimbatore. T.H I S  Oct, 92 Cotton 3 
Durg. M.P. 42 Feb 9) C'pea-Must 0 Coimbrtorc. T.N. I5 Fcb. 9J Chickpea 0 
R~jnmdgron. M P. 41 Feb 9J Pfgeonpea 0 Narsrpui, A P 9 Apr 93 Tomato 3 
Deori. M 40 Fcb 91 C'pra-Ltn 0 Coimbrtort. T.N I S  Nov 93 Okra 
Region 6 
Sodalpur M P 
Region 9 
Tvl11 ur M 
~ a d r , ' ~ .  
Badnapur. M 
Akola, M. 
Akolr. M. 
Yavatmd. M 
hhuri. M. 
Narhik. M. 
Ihrbua. M.P. 
Kmnod. M.P. 
H'inghghrt, M. 
Indrpu. M. 
UmrL M. 
Bani T*li M. 
h o L  M. 
Parbhrni M 
Region 10 
Mornn~ani  AP. 
JS Oct P i  
33 Oct 91 
27 Oct 91 
29 Oct 91 
19 R t .  91 
31 Oct.91 
16 Ian 92 
15 lm. 91 
13 Ian 91 
14 lm. 91 
30 lm. 92 
36 Aug 91 
31 kp .  92 
18 Srp. 92 
29 Scp. 91 
32 Ott. 92 
Chlckpcr 
Ptgronpea 
P~geonpea 
Pigeonpea 
Cotton 
P~geonpea 22;r"' 
Chi+& 
Chi+ea 
Chickpea 
olickpepcl 
Mung kan 
Cotton 
Sorgtcot 
Sorg+Cot 
P p + C o t  
Cotton 
Region 11 
Pullad~guntr. A P 
lu~lu~u. AP. 
Pulladigunta. P.A 
Cuntuc A.P. 
Cuntur. A.P. 
Nmdigama, A.P. 
Cuntur, A.P. 
Cuntur. A.P. 
Aug. 91 
Aug 91 
sep 91 
Sq 91 
scp 91 
sep. 91 
Scp. 91 
Oci. 91 
Drc. 91 
Dec. 91 
Im. 91 
Oct, 92 
Nov. 92 
Oct. 9J 
Mar. 94 
Id. 94 
Ian. 92 
Ian. 91 
fb. 94 
Cotton 
Cotton 
Cotton 
Cotton 
Cotton 
Cotton 
Cotton 
Coiion 
P~gconpea 
Chckpa 
Twnato 
Cotton 
Cotton 
Cotton 
Groundnut 
Cleome 
Ch~ckpa 
Chidpea 
Chibea 
~orm&li AP. 4 & 91 Cottoo 6 N; I 
M . 4 s. 91 cotton o E i ; 93 T O O  sprl 
-dli A?. I Scp. 91 Cotton 8 PokIur rbndY ay 94 Tomto Sprl 
hdiLbrk hP. 1J On 91 Pprr+Cot 9 Neprlg~j .  Bheri 48 Apr. 9s Chlckpe~ Spri 
Bdw& AP. 10 Od. PI Pi~rmpra 0 PoWur~ CandJ;i 47 Avr. 95 Tomto Spr? 
. . - -.  . 
'w daw dm to 68. 1. 
Hd $mu: Cat mttm Cpu  c h i h a  Lirr linrccd; Must, mustard P p r ~  pigeonpea W, &ows Sork xlrghum; Sun, sunflower 
hectic& +, rpnyd but M. d . ~ b t i e n s  not k w h  
Ceddes k Uer :9911 On!y ore $m.:. *.as co::ccted d a r g  
:re co~rse  of this study. bom :be h'a:he.r .n.grred ?.a -5 
where H nnnigmr is considered 'very impoltmt' on cotton. 
Inwrticida 
The following tcehniul grade insecticides were used for 
biwwys: c. 50:50 c i s : h n ~  fypemnethrin (900glkg: 
Zeneo Agrochemials. UK); mdorulim (940gh.g; Excel 
Industries. Ida): fenvdcrate (976glks Sumitorno Corp.. 
Japan mthomyl (9~x1 /Lg W o n t .  Frulce); mono- 
crotopha (6bOg/lrg, d a t a "  j d r r ,  India): uiiulphor 
(120 /kg: SIldor India). The symgirt, piperon)! butoxide 
(l-!Z%toxye~thyl-6-prnpyl piperonyl ethr)  (93 I 
S w u  obhbrd from Gooddeed Gmkal Co. ~ta.  
grown, and principally because of the absence of cotton and 
pulses in the cropping systems, H, annigon is of minor 
significance in regions 1 (primarily wheat, mrilc and rice). 
1 and 3 (rice, tea, iute. ~otato).  11 (rice, coffee, coconut. 
ca$sa\al &?d IS (;\nd&an Nlcobrr md  Lakshadwnp 
i r h d s  growrng pnmrnly cxonut and ncc) Therefore tne 
only major H. Gigm sourcr m a s  in India not covered by 
this survcv were rmionr: 5 ( w n t m  Uttrr Pndesh mowing 
wheat. su.uunr &a. chickpa) and I4 (western Go!h; 
g:owlr.g k(;p& nUet wha t  m~srud,. Four strum wen 
obt l ind  hom two of the three cropping system ronn 
recognized in Nepal (Ceddes k Iln. 1991), one from the 
Tuai region w h m  H. atmi o n  i s m  important prd of pulse# 
m d  three from the m i d e  mountains region when H. 
anninna was not r&d as a wst. A sin~le ~ t r l  ws 
ob:cned horn P d s t m  hom cotrbn in the nozhem inigrted 
piins w h m  H nnn:gon nas nnkd r very importmr. 
t sfraLu were &d ud b i o u u y d  bom 
31 lz%% July 1991 d April 1995 (bble I. I n u r f i d t  wccplibk r h a i ~  
6g. 11 For b ' t i  - by far the lugest numkr of Cprmethrhr was atryed against two tusccptible 
sample wm(Rb rrgionr 9 ud 10. By vbhn of t h  crops . s t r h  md wkkion in the LO. response war Iesr jlun 
mipm in the Indian rukontinent 503 
3401d between these (table 2). S l o p  wen quite high 
(avenge 2.41, a d  hdemgmcity w u  not si nihont Wctero- 
gcneity x ' ,  P > 0.1). Frnvalerate was o l y  tested on the 
Reading strain on two occasions, approximately one year 
apart. LD,'s and do average 2.1). did not c h n  e 
between vean. ~imiIaFo6iruIohos was tested anainst t fe 
Looking at the data overall i t  w a  not possible to 
identify obvious araidions between mnnethr in  resist. 
axe  1;vels ard grognph.~ regions ln'barr tn,s may . ~ e  
ka-se. fo: reglorn orhe: tnan 9. 10 and 11, the number o: 
wmples collecied was small and collections were generally 
made only once. Within India, the northem re ions 4 and 
6 when larvae were collected from unsprayJpigeonpea 
and chickpea, recorded the lowest ennethrin resistance 
levels (RFs 20-371, but the numberTstrdns awyed was 
small. All the high resistance levels (RFs > 1001, wen from 
the central area of lndia comprising ngiom 7. 6, 9. 10 and 
11 (plus one collection from Coimbatore in the south 
w r e  s:r;n as w u  fen;a~;rare ;nd or rhe r m e  &cas:ons 
no s~gnafica?: dd!creace beweel L3,4 were n :odd  me 
$.om New h gn in botn :nts :averane 2 4 Endosulfar, was 
asbyed on t w i  occasions for each ortwo strains: there was 
Lttle variability in LDd (1.S.fold) and dopes, which were 
high (average 3.0). A 4.6.fold variation in monoootophos 
LDjO's was observed between the Reading and Naniing 
susceptible strains. The steepest slope (4.3) was recorded for 
the Narjing strain. Methomyl was only tested against one 
strain on one occasion: the slope was reasonably high (2.:) 
and heterogeneity was not significant (Heterogeneity . 
P > 0.1). 
peni~sular). Region 11 consistently recorded 'very high 
resistance levels (RFr > 1WO). The Cuntur district cotton 
arowina belt was prominent in this regard. Risk.avene 
la-en-in !n.r d.r:f; ng2ar.j make 20-i0 app .cations to 
cJ::Jr crspr m a seasor i>:eres:ingly howcva, res.srancc 
Iese:s ra:.e2 aarked:i c n r  n.ar~ve!v short dis:arces Fo: 
example, in Scptembei 1991 five umples were collected in 
region 11, each separated by a maximum of 58 km and RFs 
ranged from 23-1700. Such large variations in resistance 
are most lhkely a reflection of within.tield selection in the 
larval samples collected. as the highest resistance levels 
(RFs of 670 and 17001, were recorded from fields with the 
most intensive insecticide inputs (8-10 sprays on the 
crop prior to the time of sampling). The single sample 
collected in January 1992 from unrprayed tomatoes in 
Srtkakulum. recorded much lower resistance (RF-491. at a 
Pyrtthrold rrsirtancr 
Cypermethrin LD,'s ranged from 0.05-55 p /larva 
(table 3) All 98 held strains recorded significant toferance 
or resistance compard to the laboratory susceptible strains. 
tilth resistance factors (RFs), rangin from 5 to 6500.1oid. 
Slope values for field rtnins ranged from 0,,1.6 compared 
to 18-3.0 for the laboratory suscepttble strains. Scventy 
hve percent of held strains recorded ldp slo e values lower 
than the lowest slope for a susceptlbi strain (1.8). 
suggesting phenotypic segregation. Only two of the held 
stra~ns recorded RFr of less than 10. These were from 
Badnapur, Mahanshtra lRF=5). from insectiode sprayed 
pigeonpea in 1991 and from Nepal (RF=8!. collected from 
insecticide sprayed tomatoes in 1993. The ldp l~ne of the 
h'epal strain showed systemat~c curvilrnearity and signih. 
cant heterogeneity (Heterogeneity I : ,  P < 0.011, indicating 
that. despite its low RF, the test population comprised a mix 
of susceptible and resistant phenotypes. 
:.re .: me seas:? r?rn F).e:nr2 d res sra?:e .n reg or :I 
-as e~;rcre? .o ce Jr :spear oe:a.re of irrens.;~ ss-ajirg 
on cotton crops from September to November ( le i  
Discussion). ~I though in 'region 11. Srikakulum IS 
approximately 370 km north.eart of the main cotton belt. 
and the strain was collected in a tribal region where 
subsistence farmers ranly use pesticides The highest 
pyrethroid resistance bvel recorded since monitoring com. 
mcnced in India in 1986, was the Bapatla sample collected 
from heavily sprayed groundnut in March 1994 IRF-65001 
Table 2 Toxicity of topic~lly a l~ed innct~cider to 3&40 mg Hthmvqa armggrra 
I1~1e dertved hom rulceptible l!oratory rtnins. 
Inr.rtiride/S:nln n LD, 195% C.I.! LD, Slope 
C crmethrin 
Xadlng su~eptible 
Reading l u x  tible 
NRI rwcepti2 
Fenvaierate 
Ruding weptibir 
Reading ruxqtible 
Endmulfan 
Reading ruaeptiblr 
Reading rwcqttble 
Ne ing  cwccptibie 
Ne ing  s u q t i b k  
Q"h1 hol 
d n g  r w u p ~ b ~  
W i n g  wrrptibk 
M m h n  
Nlnji i  swcrptibk 
%$ nuceptible 
T&k 3. Toxicity of topirally lpplird cyprrmrthrin to 30-40 1w.c d &Id strains d Helimwp umicra. 
Strain M;p C:ntd J LD, 195% CJ.1 . LD, Slop. RP 
ipgllarva) f S.E 
R q h  4 
Varuusl 45 O d .  91 522 0.20 10 160.26) 1.3 l . 6 i O . l  20 
V a r a ~ ~ i  45 M u .  92 261 0.31 (0 . l34 .41)  2 1 I.6f 0.2 31 
Vanrvsi 45 Apr. 92 236 0.30 10.234.39) 1.6 1 .7 i0 .2  30 
Var-i 45 O d . 9 3  I80 0.21 10.19-0.31) 1.0 2.1fO.3 24 
Region 6 
N l w  bthi 46 NOV. 91 137 0.37 (0.274.50) 2.4 1.6i0.2 37 
P.olnn I . - 
I 44 Ftb. 93 288 0.7V' (0.634.95) 2.9 2.2i0.2 78 
Raiprt 43 Feb. 93 288 0.71 (059-0.64) 2.5 2.32 0 2  71 
ours 42 Feb. 93 432 0.83' (0.661.P 5.4 1.6f0.1 83 
R. lmdgwn 41 Fcb. 93 384 4 11.1-1.8) 9.7 1.5 i 0 . 1  140 
D w r i  40 Fcb.93 528 011 0 . 6 2 - I  10 1.2fO.l 81 
bdnapur 
Akola 
Akol. 
Yavatmal 
Wur i  
Narhik 
Jhabua 
Krnnod 
Hinganghrt 
Indspur 
umri 
Barri Takli 
Akol. 
Parbhani 
Region 1 0  
Monngpll l  
Mormgpll i  
Mormgpll i  
Shnkarpalb 
Adilabad 
Dichplli 
Dhux..d 
ShhrpaUi  
MaILpur 
lbrrhirn atan 
"OmruLd 
Adiiabd 
Vihrabrd 
Nuaymiiher 
kh i r r tud 
Coirnbatore 
NeredUlonb 
Coimtutore 
Coimbatore 
R ion U 
?dulkdi6unta 
lujiuru 
P u l L d i t .  
C m b  
Gunhu 
:* 
Cvrhr 
Gunhrr 
P l u i p t a  
35 Oci 91 226 0 19 
33 a t .  91 223 0.17 
27 Od. 91 234 0.054 
29 Od. 91 234 0.27 
29 Od. 91 285 0 12 
31 Od. 91 334 0.17 
.26 Jan. 92 280 4.8 
25 Jm 92 202 0.72 
23 Jm. 92 195 0.72 
24 Ian. 92 298 0.31 
30 Jm. 92 200 027 
36 Aug. 92 243 0.19 
34 k p .  92 411 3 0  
28 Sep. 92 243 0.M 
29 *. 92 241 097 
32 Oct. 92 250 064 
Aug. 91 
5 e p .  91 
Sep. 91 
Oct. 91 
a t .  91 
Oct 91 
Nov. 91 
Nov. 91 
Dec. 91 
Jm. 92 
]In 92 
Fcb. 92 
Feb. 92 
Feb. 92 
Feb. 92 
O d .  92 
W. 92 
FA. 93 . .. . .
Apr. 93 
Nov. 93 
Aug. 91 
Aus. 91 
Sep. 91 
kp. 91 
Srp. 91 
Sep. 91 
Sm. 91 
Inwcliddr msirtmcr in Htbvnpr mip in the lndlrn subcontinmi 
Tabk 3--mnlinud frm pnuiow prp 
YIain Map C;d3. R LD, (95% C.I.1 LDa :%, RP 
f~g'lan.al . . 
Snkakulum 22 lrn.92 215 049 10.374.64! 2.5 I.8CO.2 49 
Cmtw I7 Oct.91 245 0.J7 (0.2&O.481 2.5 I.JfO.2 j7 
Cuntur 17 Nov 92 2PO I4 17.628) 1627 0610.1 14W 
Cuntur 17 Oct. 9J 276 14 (1.1-5 21 I02 0.9f0.2 340 
Baprtir 18 Mar 94 111 65" 126-6489! - O6f0.2 65W 
bihhmundry 11 lui. 94 196 3 (0 4V-1.01 8.5 1.2f0 2 73 
Region 13 
Vadada 17 lm. 92 216 12 10.97-1.61 5.9 1.9f0.2 120 
D a h d  3 Ian. 92 255 0.20 IO.I14.31! 5.4 0.9f 0.1 10 
D a h d  38 Feb 94 ZJ7 0.33 10.2t-O 431 16 19k0.2 33 
Nepd 
Pohr r  47 Apr. 91 410 0062" (O.O&Olll 0.64 I . J f O l  (I 
Pokhra 47 May94 240 0.39 1 0 3 4 ( I I  I 2 0  39 
Neprlprnl 48 Apr. 95 369 071 (0.6C-2871 40 1 . 7 0 2  71 
Pokhra 47 Apr93 240 0.19 (O.lS4.26l 1.5 1.4f0.2 19 
Pakbtm 
Blrwalnagar 49 Nov Pi 2W 4.6 3 . 3 4 1  21 1 .8 i02  460 
'RF (rcrzrtance frctori-LD,, held strrtniLD rurcept~bie strain (kom table 21 
Heterogenctty %:. '. s~gnihcant 11 P c 0.05;". P c 001 
Characterist~cally. for such highly resistant strains, the Idp 
Ihne slope was shallow (0 581, and showed obvious regre- 
gation of phenotypes (Heterogene~ty z:. P c 0 011. 
Resistance levels in regrons 9 and 10 were similar (RFs 
ranging from 5. to 640-fold). reflect~ng the slmiiar insecti. 
cide use patterns for H arr~rifrio control on cotton and 
legumes in south central lnd~a (typically &I5 applications 
to cotton and 2-5 to legumes) The highest resistance levels 
!,ere ruorded elther in stra~ns collected from sprayed 
cotton or from late season samples from legumes from 
January onwards. High tolerance levels had developed even 
o-, unsprayed crops, because of cumulat~ve selection for 
resistance over the earl~er part of the season: hrstiy on 
cotton and later on Ie umer w ~ t h  most insecticide being 
appl~cd to held cro s %etwe;n September and December. 
The three iamp&s collected from chickpea in the west 
Indian state o i  Gujarat (reg~on 131, recorded moderate to 
high cypermethrin resistance (RF-20-1201. 
In the middle mountains region of Nepal. cypermethrin 
res~stance was hiehest in 1994 (RF-391, when H, nrmixna 
Lngruc~a mollis .(Compos~tae) exhibited lower resistance 
(particularly in 1992). in 1994, residual soil moisture was 
ibwer than previous vrars and ramd drvine uo of host ~iants 
with the p;ogressio~ of the d j  sumher-riason pre;luded 
hnd~ng s~gnthcant H, arnltgrra populations beyond March, so 
no end o f  season decrease In ishtancc could be determined 
in that year Cypennethrin resistance ievels were highest 
over the l99ll9.Z season (maximum LD,-8 1 pgllarva) and 
loivcst over 1993194 (maximum LD,,'1.7 pgi  larval. 
Twentv strains from nine regions were assaved w t h  
ie?.a!era:c :&ie I. a-! a:. .\ere s gr.i.cantl, .es.xa:: n :? 
U s  rargng !-om :6. to > 3300.!a 1 In ge:e.a:, res.r:aicr 
e:eis -ere s m..ar :o t - ~ s e  reportea iorcyxrme!vm tes~ei  
on the same strains, but on iverage. ~ A ' w e r e  marginally 
higher for fenvalerate. 
Pbo gupprrssion of gyrrthroid rrsislancr 
The effect of pre-treatment with bo on ermethrin 
and fenvalerate resistance war assaye8on 34 a 3 1 3  strains 
populations on lGmato crops were high, ns~ess i ta t in~ i -5  
insecticide sprays to contain b o i l w o n  damage. In 1995. 
populations o n  tomato were lower, hence kss frequent 
ixedicide appliutions were mde, most probably account- 
ing for the lower resistance levels (RF-19) at that time. The 
highest cypmnethrin resistance (RF-72). in Nepal was 
recorded in the single strain collected from chickpea in  the 
Tuai region This is the most intensively cultivated region 
in the country md imedicidn m widely wed. 
The single H a r m M  strain collected from r rayed 
cotton in  the W w a L u g a r  ngion of the Pakistan $*jab 
in 1991 was highly mistant to rmethrin (RF-460). 
A t  t k  ICRISAT ki tenter O X f m  it war possible 
to mllect H. annipna brvae at fairlv rep& intervals over 
three mapping n b n r  LO, v~luer'rre ;lotted in fig 2 ~ n d  
dear a e d  mistmce p t t m  w e n  apparent Resirtame 
increased stud11 over .each x a m  niching r peak in 
wmpla wlk;dYbm chickpea in March. ills d t e d  
with increased hueftidde usage with progression of the 
cropping uua, frm Septmbn to Much. April collections 
in 1992 from chkLpu d i n  199) from the wild host 
0 n l ~ " ' " " " " " " " ' " ~ " ' " ' " " ' ~  JASONDJFYA JAIONDJFMA JA(ON0JIH Ism 1W.m IODYP) 
Fig 2. & a s o ~ i  dung- in LD l~glhrva) of H ~ l t r o v r ~  ~rmipna 
s t r d  mllecttd hm the k ~ % r m  Hyduabd md usaynd with 
cypmrthrin r l m l o p n  drdn) mi eyplmutt!dn in combination 
with piperayl butoxide (doud trlanglcs) ovu thrw m~ecvtive 
mpp@ x w  hwo l W l  to 1991. 
NJ. Annn d 81. 
Tabk 4. Toxicity 01 t 'uily a led frnvalmtr md a-l of piprenyl butoxide in rvpprnring fenvrhte reitante in 
J w O  mg line dcriv3'~lfmm &I$ stmint of ~ u o u r p l  amm. 
Sbrin Mao Colird &I. Fmt,rlrtate .low Frnval.+Pbo orrtrntmmt 
mr: 
. . 
- 
LD, Slop RF' LD, Slop RF' SR' 
fflg!larval fpgllarva) 
Rtdlng 0.019 1 0  - 0.018 1 2  - 1 
rweptibk 
Region 4 
Vsmasi 45 Oct, 91 1.3 1 9  70 0.076 1.1 4 17 
Region 6 
Ntw Ddhl 46 Nov. 91 1.5 1.6 61 0021 1 7  1 68 
Region 7 
D W  
b i n w  
h;g 
I(r)nacdg~on 
Dcon 
Region 9 
KIM& 
Region 10 
IAC 
Colmbaton 
IAC 
I AC 
IAC 
Cormbaton 
Frb. 93 
Feb. 93 
Frb, 93 
Fcb. 93 
Feb 93 
lm. 91 
Mar. 92 
Fcb. 93 
Apr. 93 
I"". 93 
lul. 93 
Nov. 93 
Re ion 11  
&untu 17 NO". 91 22 1 6  1189 1 3  1 7  128 10 
Region 13 
Dmhod 38 )m. 92 1.1 1.3 59 
Dahd  38 Fcb. 94 1.3 1.6 70 
h'c .I 
k o h n  47 Apr. 93 043 1.7 13 
Pohiurr 47 May94 1.0 1.1 54 0.031 1.5 2 31 
Nepdgmi 48 Apr. 95 1.4 1.2 116 0.044. 1.4 4 38 
'RF frsistance factor)-LD held rtratn!LD Reading ruxcpttble. 
'RF irnirtmrc f r c t o r ) - ~ ~ z  firid r l n i n l ~ ~ ;  Readin ruxrpt~bic (both pretreated with pbo) 
'SR (rpngir i  ratio)-LD without pba1LD with p%o prclreatrnrot. 
Hetnogrnrity 2 ' :  ', sign%cmt at P < 0.05,~". P < 0.01, "', P < 0.W1. 
res~ectivclv ftrbler 4 and 51. Pba arc-treatment had no to 73.fald and 11. to 3O.foid in the 1992/93 md  1993194 . , .  . , ~ .  . ~ .  ~.~ ~ . . . - -  - -. ~ 
s . g h h w :  &ea on of c y p k e m r h  a.d fenvalera!e seasons :npec~.trl (hg 2 , - 3 e r e  war come recovery c! 
to the R e d n g  ruscept~bie 8tra.n PmlIel.sm a d  Posl:.or pbo rupprers.on a i e r  i r r i h  L? :991192 and 1992'93 Ir 
1's P > 0.05); AU field strains recorded significmt s u p  1993194 no strains were colleded after February. 
pression of pyrethroid resistance by pbo, with synergist 
ratios ranging from 1-82 for cypcnnethrin and 12-68 for 
fenvalerate. However, with the exception of the New Delhi 
strain full supprnsion of pyrethoid resistance by pbo 
pre-treatment was not achieved in m y  of thr strains tcrlcd. 
Typiully, W s  for s h a h  assayed with pyrethroid lus pbo 
avenged 27-fold for mthrin m d  1l.Md for Rnva~cr. 
ate, indiatii  h t  r?% non-pbo-ruppmsible mirtmce 
; i r r r t a  in th+ cypmncthrin treahnent corn ad to 
mv m t e .  W i i t i v e  resistance was g d y  more 
i g n h n t  in the central lndim regioiu (7 .9 ,  10 and 11). ud 
highest in region 11 in stniru collected from heavily 
rpnycd colton pigeonpea ud poundnut. The V u ~ i  
ud Nepl drab recorded irueuing kvel i  of 
hamj t lvc  mistam in thre rumrsive yrus k 
1991-93 for the V m i  r t n h u  m d  1993-91 for the Ncpd 
rtninr 
neL4cdahpvidacvidmathatpboirwmiHve 
r ~ t a d e d t o h r p e ~ ~ ~ t h r ~ o p p i n  wmon 
h ~ m  ~ y t o  kbn~y. ~ a ~ w r  fvtm d h ~ r n  5. 
Endmulfan rabtancr 
Overall resistance levels to endorulfan were quite low 
with RFc ranging from 1-28 (table 61. On the basis of LD 
U s ,  two strains out o l  the 46 assayed would k considere! 
suueptible. However, only the SrIl;lkulurn chain from 
region 11 w u  probrbly t d y  rusceptible on the basis of 
high slope (2.4) d nu s i g n i h t  hctnogmeity W'. 
P > 0.03). In d other U d  rtrainr. segregation of resistant 
md suucptibk phmotypn w u  likely. prtiNLIIy in region 
7 where s i g d i h t  Idp line hderogmrlty (X', P < 0.03). 
w u  recorded in three out of Ilve r h h s  rruyed'h m p l e  
from L4C cokted from the wlld hmt weu mlb in Idy  
1991, although recording r low LD,?OYOIO p h;v& the 
idp ~ b w  M ~ ~ t - t i ~  d . r l t y  m d B , ~ p ~ ~ ~ t  
hctuogaxity (X', P <ODl). hdindiati h t  the a h h  
oanpivd r ridwe d mlstmt md w e p t l b k  p b  
typn. RFI gmater Ihm 10 w e n  rrcorded In m g i w  10 d 
11. In dl cam with the exception o t  r lingle end d m e  
collection d IAC horn the wild host Datum mrfd (Solan. 
mael. in ril 1993. these wen all h m  r p r ~ y d  hosts. 
Praim%m the middle mountains zone of Nepal 
recorded low mistance (24.foldl. The single strain itom 
the Tarai and Siwaliks zone (where imccticide use war more 
intensive). had 9.fold resistance. 
Thirty Kven rtnins wen  assayed with the nitrogen 
heterocycle phosphomthiomte group organophor hate 
(OP), quinalphor (table 7). Low to moderate lev& of 
resistance were recorded relative to the Reading susceptible 
strain. Interertingly, the two N 11 strains collected in 1993 
md 1994 from t 'obra were fu% u;pyqtible to quindphor. 
recprding ID 'r in the range 0.0474961 pgllarva m d  
very step ldt l ine slops 0.3-4.4). However, in 1995, the 
Pokhua rhain w a  signihcantly resistant to quinalphor 
(RF-6). and the slop had deceased appreciably (2.11 
S~milarly. the 1995 Neplganl rtrain from the Tarai region 
war also resistant (RF-4). Moderate levels of resirtmce 
(RFr > 101 were recorded in strains from regions 9. 10 and 
11 and the sinnle strain from Pakstm. 
Only two the Il strain, a s i y m  m:in mononotopor 
[hosphay group OP, were more tolerant ,R!-2-1, [ha? 
t e Read rg  ~scepr.b.e 1:ra.n ad:cating no or only low 
Table 5. ERut of pipnonyl butoride in suppressing cypmthr in matance In W O m g  hwar derived bom field rtnins ol  
Htlzm~ctpu a m p m ,  
Strain Map Collect date Cypnnethrin alone Cypermethrin+Pbo Pntrrtmant 
LD. Slop LD,, Slope RF' SRb 
I ~ g I l a ~ a )  ( p ~ l l a ~ a l  
Reading 0.0073 2.1 OM)66 2.3 - I 
su~ceotible 
Region 4 
Varanrsi 
Varanasi 
Varanrrl 
Region 6 
New Delhi 
Region 7 
Dhenbnrl 
Raipvr 
Durg 
Ralnandgaon 
Dcori 
Region 9 
Hmganghat 
lndapvr 
Umri 
Akoia 
Parbhroi 
Region 10 
Abihbad 13 
Vilurrbad 6 
Coimbatore 15 
Nerdikon& 11 
Cohbtore 15 
Coimbatore IS 
Narn ur 
coimkton 1; 
R ' 
17 
t~ 16 ' 
22 
Cuntur 17 
Cunhu 17 
Cunhv 17 
R&?3 J8 1
Dakd  38 
Od 91 0.20 
Apr 92 0.30 
Oct 93 0.14 
Nov 91 0.37 
Feb 93 0.78 
Frb. 91 0 71 
Fcb. 91 08J 
Fab. 93 14 
Fcb 91 0.81 
Jan 92 017 
Aug. 92 0.89 
Scp91 1.0 
k p . 9 1  097 
a t .  91 0.64 
I." 92 
Feb 92 
Fob. 92 
Oct. 92 
Oct. 91 
Feb. 93 
Apr 9J 
Nov. 93 
DeC 91 
Dtr. 91 
lul 92 
Od. 92 
Nov. 01 
Od. 91 
Mu. 94 
p 9.2 
Frb. 94 
NJ, h n  d .I 
T.bl. 6. ToxMty d toplully qpl*d m b l f i n  to W m g  luvr d k ld  stninl of Wbcqu mu*. 
Stnln %w Ci\d . n .  LD. (91% CI.1 
Region 4 
Vanwl 45 Od 91 8 6  1.7 11.3-211 7.7 1 Oi0.2 J 
Vannri 4 Od. 93 I87 J4  11t-101 22 I 6 i O . J  S 
Region 6 
N m L k l h i  46 Nov.91 JJ6 22 11.7-261 16 1.Jf0.2 4 
44 Feb. 93 286 2.1 (1.7-2.61 10 1.9iO.2 4 
Rupv 43 Feb. 93 UO J.1"' 11.44.ll 21 1.5 i 0 . 2  I 
42 Feb.9J JJ6 1.1"' I - 2 . 1  11 l .6 i0 .2  J 
2Nndgaon 41 Feb. 93 288 3.1 12.J4.JI 2 I J i 0 . 2  S 
Dear 40 Feb. 9J 288 17' I l l - 2  23 1110.2 J 
R ion 9 
?uiirpur Js ckt. 91 24s 1.0 1 4 - 2 7  I 7  I .4 i0 .2  J 
Akoh 29 Q t .  PI 270 2.5 (1.5-3 71 17 11 i 0 .2  4 
Y a v r h l  J l  a t . 9 1  U 9  2.9' (20-431 27 1.JiO.l 5 
khuri 26 l m 9 2  235 4.4 0.C-7.01 70 I.lfO.2 7 
~hrbur 2.I l m  92 278 2.5 11.636! 23 1 J f 0 2  4 
Kannd 24 l m 9 2  170 2.9 12.3-3.71 10 2Si0.3 1 
Hmganghrl JO Ian 92 2W 26 11.7-391 57 10 i 0 .2  4 
Umn 34 IJ.W.41 22 19f0.3 I 
Bmi TakI, 28 . 2 . 1 - I  20 1 Sf0.1 4 
Akola 29 L p .  92 152 26 11 1-J 21 12 l.Oi0.2 4 
Parbhml 32 ckt. 9! 208 45 IJ4-561 ' 29 1.6fO.J 7 
Region 10 
I AC I jul. 91 220 050" IOJW,611 23 2Oi0.2 1 
IAC I Aug 91 275 90  17.611) 23 J 1 1 0 3  I 4  
IAC 1 L p .  91 206 10 13 75-1.41 6 6 0 . 2  2 
IAC 1 No". PI 267 J.5 US-411 I7  19kO2  S 
Mdkapu 6 Nov 91 192 1.4 I1 1-19] 60  2O iOJ  2 
I bnhmp tm  7 Doc91 247 1.4 1I.C-211 16 12kO. l  I 
Adilrbad 1J I an91  111 57 144-741 27 2 0 i O J  9 
Vibnbad 8 Feb 92 217 28 2 0 1  23 1 4 i O 2  4 
Narryankhtr 2 Frb 92 I86 6.7 I I J I  l 8 f  OJ 10 
IAC I Frb 91 259 16 - 2 2 1  172 1.2202 25 
Ncrdikonda 11 Ocl. 92 214 1.7" I -  2 8 8 1.8f 0.3 J 
Co>mbaton 11 Oct. 9! 289 1 9  131-491 18 19 i 0 .2  6 
IAC 1 Apr. 9J JJ6 10 7 - I !  135 1 l i 0 . 1  16 
Nanqur 9 Ap r9J  J84 68  49 l.Sf0.1 I 1  
IAC 1 jul. 9J 279 3.0 0 4-3 81 I5 1.9i0.2 5 
Coinbatore 15 No". 9J 289 2.4 J 2  1J l . I i 0 . 2  4 
Region 1 1  
biim 20 A v g 9 l  241 088 (06V-1.1) 4.3 19 iO.2 1 
PWigunla 16 Sp. 91 419 J 9' (J +J.21 44 l.2f 0.1 6 
Cvntur 17 Oct. 91 286 1.6 (1.3-201 8 1  I6CO.2 J 
Guntur I 7  Lkc 91 206 18 (14-221 66 2.JfO.J 26 
Sribkulwn 22 lm. 92 240 0.49 104W.J9) 1.7 2 .4 i  OJ 1 
Guntw 17 Nov.92 282 9.0 17.4-11) 40 2.0iO.2 I 4  
&patla 16 MU. PI Joa 4.9' 13.b6.41 36 o z  8 
Region 13 
V& J7 Jan 92 181 67  I 9  JJ I .9 iOJ 10 
Dlhd 38 Jm.92 141 3.3 12.6PJl 16 1.8f0.1 S 
Dlhod 36 Feb. 94 240 3.4 2 4 1  21 1.6f0.2 S 
Ne I 
47 Apr. 9J 241 1.0' (0.7bl.l) 4.4 2 . 0 0 2  2 
Polhua 47 h b y  94 288 1.8 1 . 1  6.5 1.9i0.2 J 
j 46 Apr.9S 240 1.2 (4.1dJl 11 2.1i0.2 9 
47 +r, 91 240 L2  11.7-3.O) 12 l .8 fOJ 4 
W (dmc. ha)-U) k!d stmin/LD ~wceptibk ~min  (from trbk 21 
kktqec4b 1::: d&l * P<o.mW". P<0.01: ".. P<O.Wl. 
Mawe to  lhir h c t l d d e  (table 4. In  nearly 111 Cakmab mirlnnrr 
&ld l k d o p m n ~ ( c ~ d ) . F w d t h r f ~ v e  
r t r h  k region 7 recorded r i g n i h t  )Ilmogmcity (XI, Twelve lm ins  w m  uvyd with the oxime cubanutr. 
P < 0.051, and w e e t i o n  d m  dlelc b m o w o t o p h o ~  mothomyl (table 9). High Rh (>lo-fold) w m  morded in 
ra*tince w u  likely. -- one strain each from reg- 9, I 0  md 11. Al l  thee of these - 
mnip  in the Indian rubcont~nent 509 
strains wen  c o k e d  fmm aops mated at kal t  once with 
insecticide. Low kveb of incipient rnistaner (RF-2-5) w e n  
found in the strains from Nepal Pkistan and all other 
locations .in.lndia. 
Discussion 
Pynlhro,d mirtanrr 
T h ~ r  a the h:rr study to erm.ne ~nsecticde m.stmce 
e H a m . g ~ a  ove: a b:md geogra?hlc area in 1rd.a and tlre 
mults ~ndrate rhat mlrtance to cypermernrn ana fenvale:. 
ate war wider read between 199: and 1995, wtrh noderate 
lo v c ~  h ~ g h  eve., o! mtr:mce k . n g  recorde:! In al: the 
strairs r n t d  The wort .igbly reslstmr p;~a:.o>s were 
~ n e r a l l ~  t o ~ n d  In the cen:nl &?d so~!hem ngiors of India 
t was from here that reports of inadeq~ate conrro. of H 
armlgncl were most hcq~rn t  and concwn:tr?t n~rnben of 
insecticide applications very high. 
Earlier rnirtance re orts using standardized bibass,; 
techni u s  are only av$ble for the roulhern Indian states 
of An%hra Pradesh IMcCaRery el al.. 1989. Armer d n!., 
IWlI. Tamil Nadu (Amer rt 01.. 1992: Pasupathy k 
Re upthy.  1994) m d  the northern states of Delhi. Punjab 
an f  Hatyana (Mahrotra k Phokelr. 19921 For Andhra 
Pndesh where regular resistance monitoring has been 
conducted since 1987, cypennethrin resistance levels have 
continued to increase: RFs ranged from 40. to 7SO.fold 
betwren 1987 and I988 (McCrffery d a!., 1989). 7- to 
11W.fold between 1989 md 1990 (Annn  d a!. 1992). and 
Table 7. Toxicity of toptcrlly rppltd quinalphor to 3C-40mg larvae oi held strains oi H,l~rourrp annlpm. 
Stra~n Map Cd"dId n LD," (95% C.1 I LDd Slope RF' 
(eg/lrwaI iS.E. 
Rcgion 4 
Varmri 4s 0ct 91 269 0 12 lO.IW 151 0.34 1.8f 0.2 2 
Varanasi 45 Oct. 93 240 0.37 (027-0Sl  4 0 1.2+0.2 7 
Region 6 
NewDdhi 46 Nov.91 288 028 l0.124.361.  1.9 1.6f0.2 5 
Re ion 7 
%henkana1 44 Feb93 288 011' (0.074.111 0.90 I.4C0.2 2 
Raipur 43 Frb.93 336 0.25' 0 . 1 3 3 1  2.5 1 0 . l  5 
Durg 42 Frb. 9J 280 037 (O.lL4IS) 12 I . S t 0 2  7 
Ralnandgaon 41 Feb 93 336 0 26' (0 12-0.331 1.4 1.8iO.l  I 
Deori 40 Feb. 93 288 0 26' 0 2 2 3 2  1.0 2 .2 i03  5 
Region 9 
Tuiiapur 35 0 c t 9 1  249 0068 l00W. I l l  068 l . 4 i0 .2  2 
Yavatmri 31 Oct.91 240 024 (O.lP?l.JOi 1.1 2 . 0 i 0 2  4 
Rahun 26 lm.92 240 1.3 (085-1.01 21 l.Oi0.2 24 
lhrbva 2J Ian. 92 172 10  (075-1.51 7.5 L.St02 19 
Kannod 24 Jm. 92 240 26  11.7-3.81 36 1.1 i 0 . 2  48 
Hlngmgha! 30 Ian. 92 175 031 (026-0.381 097 2.6kOJ 4 
Region 10 
I AC 1 Jun.91 240 0.17 (Ol4-021 0.66 2.2fO.l 3 
IAC 1 Aug. 91 216 011 fOw.il.l41 0.41 2.3kO.3 -2  
I AC 1 Nov. 91 311 10  (085-1.31 42 2 .1 i02  19 
Hornrubad I 1  lun. 91 140 2.0 (1.5-2.51 8.8 2.OiO.2 37 
IAC I Fob. 92 188 1 5  (1.2-2.0) 11 I.lf 0.2 28 
IAC 1 Apr. 92 110 0 17 (OX4.571 1.1 l.Oi0.2 9 
IAC 1 Nov.92 194 0.43 (0.334.57) I8 1 . 4 i 0 2  8 
IAC 1 Nov.92 240 0.21 O l 4 4 2 9  9.1 1.4i0.1 4 
IAC 1 Apt. 93 l08 0.66' (0.5l-O.821 3.5 I lf 0.2 12 
Narwprv 9 Apr. 93 384 095 (0.75-1.2) 5.4 1.7t0.2 18 
!Ac 1 J d 9 3  312 0.29 (0.24-0.371 1.7 1.7k02 1 
Coirnbaton 15 Nov. 93 238 0.12 (0 160.27) 0 . 1  2 l . 2  4 
R Ion11 
?dgul~digulta 16 *p .91  144 0.34 ( 0 - 0 . 5 1  2.0 1.7t0.3 6 
Gunhn 17 Srp. 91 240 3 2  (LW.01 16 1.7tO.l 19 
tunhrr 17 DK 91 2W 0 70 0 5 . 9 5 1  4.6 l.btO.3 13 
Cunhu I7 Nov. 92 288 1.2 (893-13) 7.7 1.6t0.2 22 
Region 13 
Ddwd 38 J a r 9 2  156 0.37 (0.260.52) 3.1 l . 4 t0 .2  7 
D M  38 FA. 94 2 4  I O l 2 . l  0.57 2.2kOJ 3 
N 11 
=$ddun 47 Apr. 93 257 0.W3 (0.056-0.0701 0.12 4.4f 0.4 1 
P&un 47 May94 192 0.047 (0.04W.0551 0.11 ) . ) t o 5  1 
!&$ 48 Ap.95 288 0.21 (0.1W.WJ 0.73 2 . 4 i 0 1  4 47 Ap. 91 140 030 (O.LW.401 1 3  2.lf OJ 5 
Pa- 
& h w J n y u  49 Nov. 91 271 0.W (0.69-1.11 1.0 1.7f0.2 16 
1V (rcswua hew-LD. IWd hrinl W, uncrptible rmm lkom hbk 2). 
HekmgmUy z'! : dgngclrd It P <O.OJ. 
Table 8. Toxicity d tophlly applnd mdnmolophw b )cWO mg b n  d &Id strains d Milimwrp. mip. 
Smin a& LD, m% u.1  LO. ~ o p  w 
R i M 7  
%enkmd 44 Fcb. 93 431 0.81" 5 4 - I  15 ,.Of 0.1 1 
43 Fcb.93 384 0.41"' (O.lW.691 9.0 1.0i0.1 0.6 llriprr hn  
42 Feb.93 I88 046 (0.35-(1.591 3.2 l.SiO.1 0.6 
Q r d g w n  11 Fcb.93 432 0.64' (O.IW.851 9.5 1.1i0.1 0.1 
h o d  10 Fcb.93 U 2  0.34"' IOL3-(1,46I 47 111.0.1 04 
R+ 10 
IAC 1 Apr.93 431 1.11 2 - 6 1  46 0.9k0.1 1 
IAC 1 Jd.93 372 0.W 1 0 4 . 1  6.2 1.3iO.l 0.9 
I7 Oct.93 336 2.6 1 3 3  20 1.5k0.1 3 
R ion 13 
%hcd 38 Feb.94 21s 0.96 0 7 2 - 3  8.9 1.3r0.2 I 
N-t 
'RF lrnbhnce factorl-LD,, &Id strainlLD. wceptiblr stnin lkom table 21 
Hetqendty r'. '. significant at P < 005. ". P < 001. "', P < 0,031. 
20- to 6SOO.fold between 1991 m d  1994 (this study). Two 
strains were collected in T m i l  Nadu between 1969 and 
1991 and these were hi hly resistant to cypennethrin (RFs 
> 140-fold1 IArmes r l  a$.. 1992): four strains were assayed 
between 1992 and 1993 m d  a slight reduction in cy er 
methrin resistance levclr war indicated (2s. to 140-fold 
resistance). This may be partly due to a real reduction in 
pyrcthroid use on cotton in the Coimbatore region where 
the strains were collected. Regional Departments of Agrtcul. 
ture in Tamil Nadu were discouraging pyrethroid use to 
reduce suchng pest resurgence. There was rbo a realizatron 
that held control of bollworms with the available 
pyrethro~ds had become less effective in recent years (A. 
Regupathy, personal communtcationl 
In northern India, cypennethrin RFs of 4.fold and 3. to 
&fold were reported in 1987 (Dhingra d al.. 19661, and 
19SS-1989 (Mehrotra. 19901, respect~vely. Our data, wh~ch 
records U s  of 20- to 3Ffold in the Varanasi and New Delh~ 
strains collected between 1991 and 1993, suggest that 
cypemethrin resistance has increased in importance in H. 
armlgna populations in northem India. In a parallel study, 
discriminating dose monitoring showed that, by 1993. 
cypemethrin resistance frequencies in northem lndla were 
similar to those in central and ~ u t h e r n  India (Armes rl a/., 
1994). Cotton farmers in northern India experienced severe 
H armigrrn control problems during the 1993194 and 
1994195 seasons because populations wen exceptionally 
high and spray failures common. Prlor to 1993, farmers in 
the Indian Puniab typically applied 5-9 insecticide sprays to 
cotton. but poor control from 1993 onwards necessitated 
frequent repeat applications and IC-25 sprays were not 
uncommon. During the 1994195 season. it was estimated 
that approximately 30% of the expected cotton yield in the 
northern Indian stater of Puniab and Haryma were lost due 
to a combination of uncontrollable infestations of H 
armigrra m d  leaf curl v i ~ s  transmitted by whiteflies (Anon., 
Table 9. Toxicity of topically applied mrthomyl to 3MOrng larvae of field stnms of Htikourrpl armipra 
Shlin M a  Cd"dIyt n LD, (95% C1.i LD, Slope RF' 
ip6liarval i S.E. 
Region 7 
h a  42 Fcb.93 320 0.67 (0.5W.911 58 1 . 2 0 1  5 
Re ion 9 
!AM 26 Jm.91 240 4.7 135-711 41 1.4k0.2 36 
Kmd 14 Jan. 92 360 038 101W.471 2.7 1.5f0.1 3 
Lg lon  10 
IAC 1 Nov Pl 140 5.0 33-84  129 O.9f 0.2 31 
IAC 1 k 9 I  249 0.28 iO.2W361 1.5 l.7f0.2 2 
H m b d  11 l m 9 2  280 0.19 lO.lW.411 3.9 1.1f0.1 1 
IAC 1 Apr.92 140 0.15 lO.lW.34) 1 1 5 0 . 2  2 
Region 11 
Cuntw I7 Dn 91 280 21 (It-27) 154 1J i0 .2  Ibl 
Ragion 13 
Dlhod 31 Frb. 94 289 a41 (031-0.631 7.0 1.1k0.2 3 
"?Llvn 47 May94 140 0.28 (O.ZW38) 1.9 1.510.2 2 
Ncpdgmj M Apr. 95 211 1.4 11-19] I 1  1.4iO.2 I 1  
P l l d . 1 ~  
B d w d m p  49 Nov. 91 240 0 4  0 3 . 1  12 1.0i0.1 4 
'W Imbtma hctml-LO, fidd ItninRD, ~ c r p t i b k  rhnin (horn table 21. 

aops in cmtnl lndia. It b mhMc therefon that reduced 
pyrethroid mirtmce at tRis time may mutt from the 
decreasing importance of nerve.insensitivity resistmce once 
is-xticide selection pressure is removed In iupport of this 
there b preliminary evidence for a fitness dekit asdated 
with nerve.insmsitivity (A,. West k AR. MeCaffery. 
unpublished data). Similarly, in Australla, it b believed that 
t k  rigniiicant reduction in pyrethroid resistance selection 
pressure. brought about by the introduction of a mmage- 
mcnt strategy, was m onsible for the shift in pyrethroid 
resistance mechmisms Rom nerve.insensitivity to oxidative 
metabolism Forrester d al. 1993). 
Wosufun mirlnnn 
Our bioassay data show that low level (1. to 28-fold). 
endosulfan resistance is a feature of H armigrra throughout 
the sampl~ng range. In gewral. strains from northern lndia 
and Nepal were less tolerant than those collected in central 
and wuthern India. Resistance levels have not changed 
nurkediy in lndia since 1987 when the peak RF recorded 
in the cmstal Andhra Pradesh cotton region was 13 
(McCaffery rf al. 1969). The highest recorded RF in this 
study was 28 from the same region. However. even low 
levels of endorulfan resistance appear to be associated with 
unreliable control of H armtgna On the IAC farm for 
txample. endosulfan has given very oor control of H 
amigrra even when tolerance was on& 5 to 10.fold. I" 
coastal Andhra Pradesh. 13.fold resistance was suficient to 
render this chemical ineffective for H, armiprra control 
In southern Indla. resistance to quinalphos has increased 
appreciably since 1989-91, when levels were 2- to +fold 
(Armes tt 01.. 1992) In part. this is likely to be due to the 
increarlng popularity of uinalphos for cotton pest control 
in recent years, particulr!y in Andhra Pradesh where it i s  
considered supenor to the available pynthroids. In the low 
rainfall dryland cotton tracts when water availability for 
spraying i s  sometimes a problem, quinalphos dust i s  popular. 
This may be the reason for the high quimlphos mirtance 
levels reported in re ion 9 Conversely, we found no 
sigdficant change in i e  status of resistance to monoao- 
tophos to that reported in 198667 (McCaffery d al.. 1969). 
and H. armi na remained iusceptible or only slightly 
tolerant in aUBngioru. 
OP aoss resbtmce is likely to bc related to chemical 
stwture of the insecticides concerned. The significant 
diflermce in mis tme h t w m  the two tn t  OPs. 
y l ~ h a  and monmtopha, may well bc due to the fact 
t t t e ph~lphwothionate ilUCeHddes (e.g, quinlphos) 
largely K t  u AOS Lnhibitorr through m oxidative t w  
fornution mtdysed by mixed fundion oxidun (info) E t a  
1990). d o r  by hydrolytic ution of phmpbtrinter 
hydrdun (Price. 1991). Claaiully. r n i L n ~  to the 
p h q h t e  typc OPs b attrhted to irueruitive AChE 
m* (Oppcnwrth 198S), d it ha bnn 
kwwtratcd thrt monouotophm susceptbility in H. 
amtipma is ut&ected by oxidative inhibiton G m t e r  d al. 
1993). 
I t  hrs k n  shown in O? oaidat~ve m stant housefly 
sminr that &gradation of the MI bond and concor~tmt 
act ratton of PJ 1 x 0  PEO are tncmsed ove- wmgt~ble . .
strains 10~jenodr+ IPS5 The atre: bloact.~al.bn 3hodl: 
.n theor) res~k m greater se-sfi:iv.:y to the toxicant 0.1 IS 
!a.gely over~led 5 ,  derox.cat.or Th.s is furtyer comp.:. 
crtea by $::on in i  b .or o! detox.:at on of rbe whitan: 
W csnpocnl/ b; I!& ?!rnr,oV (We.ling t t  a,.. 1974. 
We be!.eve tha: a sim..r: scma-o o m s  In vhos~toro- 
thionate resistrnt H. armigm in lndia The appirmt'bck of. 
or very low levels of, resistmce to monocmtophos indicates 
that insensitive AChE mechanisms and. glutathione s. 
transferaas &re ~robablv of minor importam in OP 
resr!ant H ~ l r n r : ~ h  tr lidla at the ?resen't tine E?hancd 
retabolr deto~6cat.on. by rfos poss.bly 11 I mutt o! 
pyrethroid cross mistance, nems to be (although untested 
to date). the most likely mechanism responsible for phos. 
phorothionate OP resistance. Certainly it i s  clear from our 
survey. that uinalphos resistance was highest in regions 
9-11 where k e  pyrethro~d resistance problem was most 
acute. 
Carbaslntr rrrisbncr 
The number of strains assayed with methomyl were 
quite small, but the data indicate that low level resistance 
was widespread. Interestingly. in all three strains where RFs 
were greater than 30-fold. high levels (RFs >lSO) ,  of 
pyrethroid resistance were also recorded. It is considered 
that even low level methomyl resistance i s  sufficient to 
cause field control failures. as methomyl IS not very toxic 
to H, armlgrra lar\,ae (Cunning rt nl.. 19921. 
Methomyl has only been used widely in India over the 
oast four seasons, so it is d~%cult to account for such ra~id 
independent rerlstance development. Even earlier data in'di- 
cated that vyrethroid resistmt H. armlgrra populrtions in 
intensive iniicticide use anas of south India wire resistant 
to methomyl as early as I990 (Armes ft 01.. 1991). Prior to 
this, methomyl had only been imported into lndia as a 
one-off emergency measure in m attempt to control the 
very high populations of pynthroid resistant H. anigrrn on 
cotton mops in coastal Andhrr Pradesh in 1988. 
Carbamate resistance is considered to result hom mech. 
anisms confertinn enhanced d o  detoxification or insensitive 
from pyrethroid cross resistance to specitic microsomal 
oxidaus, but this needs clankation by synergist md in vifm 
investigation. In Australia however, it is bliwed that 
methomyl resistance developed independently md mss 
resistance has not been infemd, but in this u w  mehomyl 
had bem widely used on aops much as sweet corn and 
tobacco for m y  yean (Gming d al. 1992). 
It s e w  probable that a large proportion of the 
mistam to certain pyrethroids. methomy! md quliulphos 
in H armigna in India cm be Ltributed to M &dent 
inhmted or Lndudble d o  complex similar to the situation 
which exists in PluhL rylalrlla h e u s  (Lpido era. 
Plutelllldd (Chcng rr nl.. 1994, and Spodoptna \ypipa$J.E: 
Smith bpidoptna: Noctuidrc) flu. 1991). Udorhuutdy. 
prior to rield failyes rnulting horn pyrethroid relta?ce,no 
lnmttode m l d m  in He!tmarpl 
H. mnnipa resistance monitoring had k n  conducted in 
India so the status of resistance to mdosu~fan. OPr and 
carbamrtes before the detection. of pyrethroid resistance is 
nct known. It does however seem likely that. in view of the 
bct that the tint widespread held failurn in cotton were 
attibutable to pyrethmid resistance, overuse of these chemi. 
cais was the main caun of the cross resistance patterns 
evident today. 
The fact that resistance to cypermethrin and fenvalerate 
is now so widespread in H. armixem populat~ons in the 
Indian ~bmntinent,  even in regions where insecticides 
arc little wed, suggnts that it is too late to consider 
implementation of strategies to contain the further spread 
of resistance to these molecules. Clearly a stable level of 
metabolic mediated pyrethroid resistance ir present 
throughout the lnd~an subcontinent and refugia of suxepti. 
bles probably no longer exist. The high mobility and genetic 
mixing of H, arn~igrm populations is most likely rcsponsiblc 
for this. Even a low immigration rate can facilitate the 
rapid spread of resistance alleles between isolated po u 
lations (Caprio k Tabashnik 19521. It appears probail; 
that nerve.insensitivity and possibly also high order nerve 
insens~tivitv iSu~rr.Mr1 eenes contributed to the very high 
of pyrethroid resistance only feature in areas wher; insecti. 
cldes are over.used It IS likely, therefore. that with careful 
area.w~de control over the use of insecticides, we could see 
a marked reduction in the magnitude of pyrethroid resist. 
ance through loss of the ne~e.imensitivity alleles and 
reierslon to more stable lower level metabolic mediated 
pyrethroid res~stance. It is reasonable to assume that resist. 
ance levcls could be reduced from the current 1W. to over 
1000-fold levels commonly recorded in cotton growing 
regtons, to 20. to 60.foid simply by moderating ~nsectic~de 
uG on cotton and iegume crops 
In the short term. insect~cide resistance management 
should aim to significantly reduce selection for nerre- 
insensitivity resistance. This suggestion follows experiences 
in Australia demonstrating that good control of mfo 
mediated resistant H, arnsgrra can st111 be achieved with 
pyrethroids through careful targeting of appl~otions and 
use of metabolic syner ists (Fonester e l  a!.. 19931. 
Currently, insecticides are grossly over-appied in most 
cotton growing regions. In many uses the number of 
applications could be signihcantly reduced without any 
detrimental effect on cotton vields (Arrnes, unoublished 
data). Clear knehts would nsue from reduced coiventionrl 
insecticide inputs. not only kom a reduction in the intensity 
of resisturci but also from a concomitant Increase in the 
succor d biological control for secondary rtts Incorpor. 
ation of pest.spcciific bbrational pestici8es &to spray 
uhrdules w w l d  Lrthcr augment these brneifitr. 
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